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ABSTRACT

Oral squamous cell carcinoma (OSCC) is a public health problem and the most common malignant
neoplasm of the oral cavity. Oral cancer is associated with high mortality rates and considerable
morbidity, which profoundly affects patients’ quality of life. The identification and use of relia-
ble biomarkers, such as a-SMA, E-cadherin, N-cadherin, CEA, EGF, CK19, or p53, have become
crucial for early detection, accurate diagnosis, and effective monitoring of disease progression
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and recurrence. Therefore, the present review aims to provide a comprehensive analysis of bio-
markers used in the diagnosis of OSCC, covering their various applications, types, mechanisms
of action, and use in OSCC-related research. A systematic search was performed in the MEDLINE
(PubMed) and Web of Science electronic databases covering from January 1, 2015, to December
30, 2024. The search strategy was as follows: (a-SMA) AND ((epidermoid carcinoma) OR ((oral
cancer) AND (oral squamous cell carcinoma))); for each of the selected biomarkers (alpha smooth
muscle actin, E-cadherin, N-cadherin, carcinoembryonic antigen, epidermal growth factor re-
ceptor, cytokeratin 19, p53, Ki-67). The simultaneous use of multiple biomarkers could provide a
more comprehensive understanding of the disease, enabling more accurate and specific diagnosis,
prognosis, and treatment, ultimately improving patient outcomes and the clinical management
of OSCC. This approach may help clinicians and researchers better understand the complexity of
0SCC, enabling them to develop more effective strategies for early detection, disease monitoring,
and personalized therapeutic interventions.

Keywords: Biomarkers, Oral cancer, Oral squamous cell Carcinoma, a-SMA, E-cadherina, N-cad-
herina, carcinoembryonic antigen, epidermal growth factor receptor, Citokeratin 19, p53, Ki-67.

INTRODUCTION

Oral cancer is a significant public health issue, with squamous cell carcinoma being the most
prevalent malignant tumor of the oral cavity and oropharynx'. Oral squamous cell carcinoma
(OSCCQ) accounts for 90-95% of all malignant tumors in the oral cavity?. The global incidence
of oral cancer has increased; specifically, OSCC affects approximately 650,000 people each year
and results in 350,000 deaths3. Due to its high morbidity and mortality, OSCC greatly impacts
the quality of life of patients, either because of the tumor itself or by the effects of antineo-
plastic treatment”.

Oral cancer ranks sixth among the most common cancers worldwide, with a mortality
rate exceeding 50%°. The highest global rates are observed in developing countries in South
and Southeast Asia, especially in India and Pakistan®’, where exposure to risk factors such as
widespread tobacco and betel use is common. Globally, men are more affected by OSCC than
women, at a ratio of 2:1%. However, in recent years, there has been a concerning increase in
oral cancer cases among young adults and women®', linked to lifestyle changes and exposure
to traditional and emerging risk factors". In Western countries, the most common sites of
OCEC are the tongue edges, floor of the mouth, and oropharynx, whereas in South Asia, the
oral mucosa and gingival-buccal complex are more frequently affected™. Tobacco use and its
combustion products are the primary risk factors for OSCC and are responsible for most cases
of OSCC". Tobacco contains many carcinogens that cause genetic and epigenetic changes in
the oral mucosal cells™. Genetically, carcinogens bind to DNA, forming adducts that distort the
DNA helix and disrupt replication and repair, leading to mutations™. Epigenetically, tobacco
use can cause abnormal DNA methylation, histone modifications, and changes in microRNA
expression, which can silence tumor suppressor genes and activate oncogenes'. Regular al-
cohol consumption is also a significant risk factor, as it increases the permeability of the oral
epithelium, acts as a solvent for tobacco carcinogens, and generates free radicals and acetalde-
hyde, which damage DNA. Combined exposure to tobacco and alcohol has a synergistic effect,
significantly increasing the risk of OSCC'.
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Despite global anti-smoking campaigns and alcohol restrictions, a decline in the consump-
tion of either substance is not expected in the near- to-mid-term. Therefore, reliable tools for
the early diagnosis of OSCC and establishing its grade, which indicates behavior and progres-
sion, are crucial. In recent decades, the identification and utilization of reliable biomarkers for
diagnosis, early detection, and monitoring of disease progression and recurrence has become
an excellent approach. Biomarkers can potentially be applied clinically, not only for the early
detection of primary tumors but also for recognizing recurrences and selecting therapeutic
molecular targets?. In this narrative review, we examine current research on the significance of
biomarkers in OSCC.

MATERIALS AND METHODS

Search strategy. A systematic search was performed in the MEDLINE (PubMed®) and Web of
Science databases. The search period spanned from January 1, 2015, to December 30, 2024. The
keywords used were derived from MeSH (PubMed®) terms: oral cancer, squamous cell carci-
noma, oral squamous cell carcinoma, epidermoid carcinoma, biomarkers, a-SMA (alpha smooth
muscle actin), E-cadherin, N-cadherin, CEA (carcinoembryonic antigen), EGF (epidermal growth
factor receptor), cytokeratin 19, p53, and Ki-67. The search strategy was as follows: (a-SMA)
AND ((epidermoid carcinoma) OR ((oral cancer) AND (oral squamous cell carcinoma))) for each
selected biomarker.

EndNote X9.3.3 (Clarivate Analytics, Philadelphia, Pennsylvania, USA) was used to collect
the identified citations and remove any duplicates. The titles and abstracts of each article were
independently evaluated by two authors (IGS and DIRR). Articles were excluded if both review-
ers considered them unsuitable based on their titles and abstracts. The full text was read to
make a final decision in case of doubt.

RESULTS AND DISCUSSION
Biomarkers in OSCC

In recent years, there has been an increasing interest in identifying and applying biomarkers
for the early diagnosis, prognosis, and monitoring of OSCC. Several definitions of biomarkers
have been proposed. The most recent definition describes a biomarker as reagent with a me-
asurable characteristic that can be evaluated objectively as an indicator of normal biological
processes, disease processes, or responses to therapy®. Biomarkers can be derived from various
sources, such as tumor tissue, blood, saliva, or other body fluids, and include genetic, epi-
genetic, proteomic, and metabolomic changes that reveal information about the biology and
clinical progression of OSCC". Finding and validating reliable biomarkers for managing OSCC
is essential for more accurate and earlier diagnosis, guiding treatment choices, and predicting
outcomes. Different categories of biomarkers have been studied for their potential in OSCC, in-
cluding genomic, transcriptomic, proteomic, and epigenetic markers'. Some examples include
smooth muscle alpha actin (a-SMA), E-cadherin, N-cadherin, carcinoembryonic antigen (CEA),
epidermal growth factor receptor (EGFR), cytokeratin 19 (CK19), tumor suppressor p53, and
the proliferation marker Ki-67. These biomarkers can offer valuable insights into the molecular
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mechanisms of OSCC, supporting more precise diagnosis, personalized treatment approaches,
and improved prognostic assessment.

Alpha-smooth muscle actin

Alpha-smooth muscle actin (a-SMA) is a cytoskeletal protein that has been studied as a poten-
tial OSCC biomarker. a-SMA is mainly expressed in myoepithelial cells and cancer-associated
fibroblasts, and its expression has been linked to the invasive potential of OSCC™. Fibroblast
differentiation into myofibroblasts is a vital step in tissue regeneration after injury. During
this process, myofibroblasts actively participate in the stromal response to cancer cells, signifi-
cantly enhancing the tumor’s invasive and migratory abilities. Myofibroblasts, identified by the
expression of smooth muscle alpha actin, play a crucial role in the tumor microenvironment,
supporting the spread and invasion of malignant cells?. This stromal-epithelial interaction is a
key component of the complex mechanisms underlying the progression and metastatic poten-
tial of OSCC. Several studies have shown that higher a-SMA expression correlates with poorer
prognosis and increased metastasis risk in patients with OSCC?'. Similarly, other studies have
indicated that immunohistochemical detection of a-SMA can distinguish between benign and
malignant oral lesions, emphasizing its potential as a diagnostic biomarker?2.

E-cadherin, and N-cadherin

E-cadherin and N-cadherin are cell adhesion molecules essential for epithelial-mesenchymal
transition (EMT), a process that is key to cancer progression and metastasis?>. E-cadherin serves
as a major marker of the epithelial phenotype by maintaining cell-cell adhesion and tissue
structure, whereas increased N-cadherin levels are linked to a more mesenchymal and invasive
cell state?’. The interaction between these two cadherins is a defining feature of EMT, where
decreased E-cadherin and increased N-cadherin levels enable cancer cells to detach from the
primary tumor, become more mobile, and infiltrate the surrounding extracellular matrix.

Several immunohistochemical studies have shown that the downregulation of E-cadherin
and upregulation of N-cadherin are linked to increased tumor aggressiveness, higher rates of
lymph node metastasis, and worse clinical outcomes in patients with OSCC?. Conversely, other
studies have indicated that certain patterns involving HSP90, p53, and E-cadherin could act as
potential independent prognostic biomarkers capable of predicting poor prognosis in OSCC?.
This “switch” in cadherin expression is a vital step that facilitates the early stages of the meta-
static process, enabling cancer cells to escape from the primary site and form secondary tumors
in distant locations. Consequently, the dysregulation of E-cadherin and N-cadherin has been
widely studied as a potential biomarker for the prognosis and treatment of OSCC?’.

Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA) is a glycoprotein typically expressed during fetal development
that plays a role in cell-cell adhesion?®. However, its expression is usually reduced in healthy
adult tissue. Interestingly, elevated CEA levels have been observed in various cancers, inclu-
ding OSCC?. This increase in CEA levels may be linked to more advanced disease and a poorer
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outlook for patients with OSCC. Additionally, some studies have reported higher CEA levels in
both the saliva and serum of patients with OSCC. Moreover, it has been suggested that combi-
ning salivary biomarkers -such as Naal0p and CEA- enhances the diagnostic accuracy and early
detection of OSCC®'. These findings emphasize the potential of CEA as a useful biomarker for
detecting, prognosticating, and treating head and neck cancer. Other studies?® have investiga-
ted the diagnostic value of salivary ErbB2, a tyrosine kinase receptor involved in various cellular
processes, alongside CEA for OSCC.

Epidermal growth factor receptor

The epidermal growth factor receptor (EGFR) is a transmembrane tyrosine kinase receptor that
plays an essential role in the regulation of cell proliferation, survival, and invasion32. EGFR is
often overexpressed in squamous cell carcinomas of the head and neck, particularly in HPV-ne-
gative cases’’. However, the prognostic value of EGFR expression in predicting the risk of 0SCC
remains uncertain, as some studies have indicated that its expression is not always a reliable
marker34. Despite this, EGFR overexpression or dysregulation has been linked to more aggres-
sive disease, higher metastatic potential, and worse clinical outcomes in patients with OSCC*.
Ongoing research is investigating the potential of EGFR-targeted therapies, such as tyrosine
kinase inhibitors or monoclonal antibodies, for treating OSCC, especially in cases where EGFR
overexpression drives tumor progression?®.

Cytokeratin 19

Cytokeratin 19 (CK19) is a type | intermediate filament protein commonly found in simple and
stratified epithelial cells, including those of the oral cavity. Although the regulation of CK19
expression in cancers is still under investigation, previous reports suggest that it may act as
a tumor suppressor in breast cancer but promote tumor growth in colon and liver cancers®’.
Interestingly, higher levels of CK19 have been detected in the saliva of patients with OSCC,
indicating its potential as a non-invasive biomarker for the detection and monitoring of this
disease®®. Studies have shown that salivary CK19 levels are significantly elevated in patients
with OSCC compared to healthy controls, with higher levels associated with more advanced
disease stages®. However, the immunohistochemical expression of CK19 in OSCC varies depen-
ding on the degree of metastasis and tumor differentiation. While this biomarker could serve as
a prognostic indicator, providing insights into tumor aggressiveness and clinical outcomes, its
effectiveness as an independent diagnostic tool remains under discussion“°.

p53

p53 is a tumor suppressor protein that is crucial for regulating cell cycle progression, apop-
tosis, and maintaining genomic stability*’. The p53 gene is often mutated in various cancers,
including OSCC, resulting in the accumulation of mutant p53 proteins that can be detected
in tumor cells*2. Known as the “guardian of the genome” p53 functions as a critical gatekeeper
that prevents the growth of cells with DNA damage or genomic instability. However, the role
of p53 in the development and progression of oral cancer remains complex and multifaceted®.
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Inactivation or mutation of p53 is a common event in the development of OCC and has been
widely studied as a potential biomarker for this disease*. Overexpression of the mutant p53
protein, usually caused by mutations in the TP53 gene, has been linked to more aggressive
tumors, increased lymph node metastasis, and worse clinical outcomes in patients with OSCC.
This is because mutant p53 cannot effectively suppress tumor growth or progression*2. Howe-
ver, the relationship between p53 status and prognosis in OSCC is not always clear, as some
studies have failed to find a consistent relationship between p53 expression and disease out-
comes*. This indicates that the potential of p53 as an independent biomarker for OSCC may
be limited and highlights the need for further research to better understand its role in this
disease. Combining p53 analysis with other molecular markers could enhance its diagnostic
and prognostic usefulness, offering clinicians comprehensive information to support treatment
decisions and patient management.

Ki-67

Ki-67 is a well-known marker of cell proliferation, as its expression is closely correlated with
cell cycle progression“. In the context of OSCC, many studies have explored Ki-67’s potential
as a biomarker for disease detection, prognosis, and treatment response. Ki-67 overexpression
has consistently been found in OSCC tumor samples compared to normal oral mucosa, indica-
ting its usefulness as a diagnostic marker for OSCC*. Additionally, Ki-67 expression level has
been linked to several clinicopathological features, such as tumor size, lymph node metastasis,
and disease stage, suggesting its potential as a prognostic indicator. Some studies have shown
that high Ki-67 levels are associated with worse prognosis and lower overall survival in patients
with OSCC, emphasizing its role as a marker of tumor aggressiveness*®. However, the clinical
relevance of Ki-67 as a biomarker for OSCC remains debated because its expression does not
always correlate with disease outcomes*. Factors such as assessment methods, cutoff values
used to distinguish high from low expression, and the heterogeneity of OSCC tumors may con-
tribute to the varied results reported in the literature. Despite these challenges, evaluating
Ki-67 expression, both alone and alongside other molecular markers, can still offer valuable
information to clinicians regarding tumor proliferation and help guide the choice of appropriate
therapy.

Although EGFR overexpression or dysregulation, elevated CK19 levels, and changes in p53
and Ki-67 have been linked to various aspects of OSCC, their usefulness as standalone biomark-
ers is controversial. The relationship between these molecular markers and disease outcomes
is often complex and multifaceted; thus, further research is needed to fully understand their
role in the diagnosis, prediction, and management of OSCC. Combining these biomarkers with
other molecular and clinicopathological factors could provide more comprehensive information
to help healthcare professionals make better decisions and improve patient care.

CONCLUSION

The significance of biomarkers in the diagnosis, prediction, and management of OSCC cannot
be overlooked. Many studies have examined the potential of different molecular markers, in-
cluding EGFR, CK19, p53, and Ki-67, as tools for the diagnosis and prognosis of this disease.
Although the overexpression or dysregulation of these markers has been linked to various
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clinicopathological features and disease outcomes, their value as standalone clinical indicators
remains debatable. The connection between these biomarkers and OSCC is often complex, with
factors such as tumor heterogeneity, assessment methods, and cutoff points possibly explai-
ning the differing results reported in research.

Looking ahead, integrating multiple biomarkers with other clinical and pathological data

could provide a more comprehensive approach to the personalized diagnosis, prognosis, and
treatment of OSCC. Ongoing research in this area will be vital to further clarify the role of bio-
markers in this disease and develop more robust and clinically useful tools for guiding patient
management.

BIBLIOGRAPHIC REFERENCES

10.

11.

12.

Feller L, Lemmer ). Oral squamous cell carcinoma: epidemiology, clinical presentation and treat-
ment. J Cancer Ther. 2012; 3(4): 263-268. Available at:
https://www.scirp.org/journal/paperinformation?paperid=21591

Srivatsan ES. Salivary biomarkers in early diagnosis and monitoring of cancer. In: D Barh, A Carpi, M
Verma, M Gunduz (eds). Cancer biomarkers minimal and noninvasive early diagnosis and prognosis
(pp. 159-198). Boca Raton, Florida: CRC Press, 2014.

Yang CX, Sedhom W, Song |, Lu SL. The role of microRNAs in recurrence and metastasis of head and
neck squamous cell carcinoma. Cancers (Basel). 2019; 11(3): 395.

DOI: https://doi.org/10.3390/cancers11030395

Bolesina N, Femopase FL, Lopez de Blanc SA, Morelatto RA, Olmos MA. Oral squamous cell carci-
noma clinical aspects. In: KUE Ogbureke (ed.). Oral Cancer (pp. 21-46). Rijeka, Croatia: InTechOpen,
2012. DOI: https://doi.org/10.5772/32968

Tan Y, Wang Z, Xu M, Li B, Huang Z, Qin S, et al. Oral squamous cell carcinomas: state of the field and
emerging directions. Int J Oral Sci. 2023; 15(1): 44.

DOI: https://doi.org/10.1038/s41368-023-00249-w

Ren ZH, Hu CY, He HR, Li YJ, Lyu . Global and regional burdens of oral cancer from 1990 to 2017:
Results from the global burden of disease study. Cancer Commun (Lond). 2020; 40(2-3): 81-92.
DOI: https://doi.org/10.1002/cac2.12009

Jindal B, Thakral RK, Mohan A, Ansari V, Sharma VK. Role of p53 as a prognostic marker in breast
carcinoma and its correlation with tumor size, tumor grade and lymph node metastasis. Indian |
Pathol Oncol. 2020; 7(3): 378-383. DOI: https://doi.org/10.18231/j.ijp0.2020.076

Kerishnan JP, Mah MK, Mohd Fawzi NA, Ramanathan A, Lim GS, Abdul-Aziz A, et al. The associa-
tion between Epstein-Barr virus (EBV) past infection with the risk of oral squamous cell carcinoma
(0SCC). Sains Malaysiana. 2019; 48(9): 1969-1974. https://doi.org/10.17576/jsm-2019-4809-18
Ellington TD, Henley S, Senkomago V, O’Neil ME, Wilson RJ, Singh S, Thomas CC, et al. Trends in
incidence of cancers of the oral cavity and pharynx - United States 2007-2016. MMWR Morb Mortal
Wkly Rep. 2020; 69(15): 433-438. DOI: https://doi.org/10.15585/mmwr.mm6915aT

Gaitan-Cepeda LA, Peniche-Becerra AG, Quezada-Rivera D. Trends in frequency and prevalence of
oral cancer and oral squamous cell carcinoma in Mexicans. A 20 years retrospective study. Med Oral
Patol Oral Cir Bucal. 2011; 16(1): e1-e5. DOI: https://doi.org/10.4317/medoral.16.e1

Jiang X, Wu J, Wang J, Huang R. Tobacco and oral squamous cell carcinoma: A review of carcinogenic
pathways. Tob Induc Dis. 2019; 17: 29. DOI: https://doi.org/10.18332/tid/105844

Sarode G, Maniyar N, Sarode SC, Jafer M, Patil S, Awan KH. Epidemiologic aspects of oral cancer. Dis
Mon. 2020; 66(12): 100988. DOI: https://doi.org/10.1016/j.disamonth.2020.100988



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Rev Odont Mex. 2026; 30(1): 22-31

Schmidt LB, Tjioe KC, Assao A, Oliveira DT. Oral squamous cell carcinoma in young population —
Risk factors, clinical presentation, and prognosis. In: LG Marcu (ed). Contemporary issues in head
and neck cancer management (pp.131-148). Rijeka, Croatia: InTechOpen; 2015.

DOI: https://doi.org/10.5772/60712

Alexandrov LB, Ju YS, Haase K, Van Loo P, Martincorena I, Nik-Zainal S, et al. Mutational signatures
associated with tobacco smoking in human cancer. Science. 2016; 354(6312): 618-622.

DOI: https://doi.org/10.1126/science.aag0299

Chen Z, Wen W, Cai Q, Long J, Wang Y, Lin W, et al. From tobacco smoking to cancer mutational sig-
nature: a mediation analysis strategy to explore the role of epigenetic changes. BMC Cancer. 2020;
20(1): 880. DOI: https://doi.org/10.1186/5s12885-020-07368-1

Ahmad A, Imran M, Ahsan H. Biomarkers as biomedical bioindicators: approaches and techniques
for the detection, analysis, and validation of novel biomarkers of diseases. Pharmaceutics. 2023;
15(6): 1630. DOI: https://doi.org/10.3390/pharmaceutics15061630

Nguyen TTH, Sodnom-Ish B, Choi SW, Jung HI, Cho ], Hwang |, et al. Salivary biomarkers in oral
squamous cell carcinoma. J Korean Assoc Oral Maxillofac Surg. 2020; 46(5): 301-312.

DOI: https://doi.org/10.5125/jkaoms.2020.46.5.301

Bano A, Vats R, Yadav P, Kamboj M, Bhardwaj R. Smoking-induced shifts in salivary exosomal cy-
tokines and amino acid profiles as potential early biomarkers for oral cancer. Cytokine. 2025; 187:
156857. DOI: https://doi.org/10.1016/j.cyto0.2025.156857

Gandhi P, Kaur M, Punia RS, Halappa TS, Singh HP. Myofibroblasts as important diagnostic and
prognostic indicators of oral squamous cell carcinoma: An immunohistochemical study using al-
pha-smooth muscle actin antibody. / Oral Maxillofac Pathol. 2022; 26(2): 156-160.

DOI: https://doi.org/10.4103/jomfp.jomfp_389_20

Gandhi P, Prasad UC. Evaluation of myofibroblasts in oral submucous fibrosis and oral squamous
cell carcinoma: The pathogenesis and correlation. Dent Res J (Isfahan). 2017; 14(5): 314-320.

DOI: https://doi.org/10.4103/1735-3327.215960

Smitha A, Rao K, Umadevi HS, Smitha T, Sheethal HS, Vidya MA. Immunohistochemical study of
a-smooth muscle actin expression in oral leukoplakia and oral squamous cell carcinoma. / Oral Max-
illofac Pathol. 2019; 23(1): 59-64. DOI: https://doi.org/10.4103/jomfp.JOMFP_94_18

Wong SHM, Fang CM, Chuah LH, Leong CO, Ngai SC. E-cadherin: its dysregulation in carcinogenesis
and clinical implications. Crit Rev Oncol Hematol. 2018; 121: 11-22.

DOI: https://doi.org/10.1016/j.critrevonc.2017.11.010

Loh CY, Chai )Y, Tang TF, Wong WF, Sethi G, Shanmugam MK, et al. The E-Cadherin and N-Cadherin
switch in epithelial-to-mesenchymal transition: signaling, therapeutic implications, and challenges.
Cells. 2019; 8(10): 1118. DOI: https://doi.org/10.3390/cells8101118

Kushwaha S, Jindal D, Joshi S, Ashwini P, Tiwari P. Exploring the role of cadherins in epithelial-mes-
enchymal transition and mesenchymal-epithelial transition-associated tumorigenesis. Dent | Adv
Stud. 2018; 6: 45-52. DOI: https://doi.org/10.1055/s-0038-1673588

Bar JK, Cierpikowski P, Lis-Nawara A, Duc P, Hatoi A, Radwan-Oczko M. Comparison of p53, HSP90,
E-cadherin and HPV in oral lichen planus and oral squamous cell carcinoma. Acta Otorhinolaryngol
Ital. 20271; 41(6): 514-522. DOI: https://doi.org/10.14639/0392-100X-N1450

Ortiz RC, Amér NG, Saito LM, Santesso MR, Lopes NM, Buzo RF, et al. CSC"&"E-cadherin'*” immuno-
histochemistry panel predicts poor prognosis in oral squamous cell carcinoma. Sci Rep. 2024; 14(1):
10583. DOI: https://doi.org/10.1038/s41598-024-55594-5

Honarmand MH, Farhad-Mollashahi L, Nakhaee A, Nehi M. Salivary levels of ErbB2 and CEA in oral
squamous cell carcinoma patients. Asian Pac | Cancer Prev. 2016; 17(53): 77-80.

DOI: https://doi.org/10.7314/apjcp.2016.17.s3.77

29



30

Gaitan-Salvatella I, et al. Biomarkers and Oral Squamous Cell Carcinoma.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Téllez-Avila Fl, Garcia-Osogobio SM. El antigeno carcinoembrionario: a propésito de un viejo co-
nocido. Rev Invest Clin. 2005; 57(6): 814-819. Disponible en: https://www.scielo.org.mx/scielo.
php?script=sci_arttext&pid=50034-83762005000600007&Ing=en&nrm=iso&ting=es

Pyo SW, Hashimoto M, Kim YS, Kim CH, Lee SH, Johnson KR, et al. Expression of E-cadherin, P-cad-
herin and N-cadherin in oral squamous cell carcinoma: correlation with the clinicopathologic fea-
tures and patient outcome. / Craniomaxillofac Surg. 2007; 35(1): 1-9.

DOI: https://doi.org/10.1016/j.jcms.2006.11.004

Zheng J, Sun L, Yuan W, Xu J, Yu X, Wang F, et al. Clinical value of NaalOp and CEA levels in saliva
and serum for diagnosis of oral squamous cell carcinoma. J Oral Pathol Med. 2018; 47(9): 830-835.
DOI: https://doi.org/10.1111/jop.12767

Bernardes VF, Gleber-Netto FO, Sousa SF, Silva TA, Abreu MHNG, Aguiar MCF. EGF in saliva and
tumor samples of oral squamous cell carcinoma. Appl Immunohistochem Mol Morphol. 2011; 19(6):
528-33. DOI: https://doi.org/10.1097/PAl.0b013e3182143367

Reyes-Hernandez DO, Moran-Torres A, Jiménez-Lima R, Cano-Valdez AM, Cortés-Gonzalez CC, Cas-
tro-Mufioz LJ, et al. HPV prevalence and predictive biomarkers for oropharyngeal squamous cell
carcinoma in Mexican patients. Pathogens. 2022; 11(12): 1527.

DOI: https://doi.org/10.3390/pathogens11121527

Aamir R, Rauf F, Igbal F, Yousuf S, Rehman A, Sheikh AK, et al. Immunohistochemical expression
of epidermal growth factor receptor (EGFR) in oral squamous cell carcinoma and oral potentially
malignant disorders. Appl Immunohistochem Mol Morphol. 2024; 32(3): 157-162.

DOI: https://doi.org/10.1097/PA1.0000000000001185

Yoshimoto S, Morita H, Matsuda M, Katakura Y, Hirata M, Hashimoto S. NFAT5 promotes oral squa-
mous cell carcinoma progression in a hyperosmotic environment. Lab Invest. 2021; 101(1): 38-50.
DOI: https://doi.org/10.1038/s41374-020-00486-1

Arora R, Cao C, Kumar M, Sinha S, Chanda A, McNeil R, et al. Spatial transcriptomics reveals distinct
and conserved tumor core and edge architectures that predict survival and targeted therapy re-
sponse. Nat Commun. 2023; 14(1): 5029. DOI: https://doi.org/10.1038/s41467-023-40271-4
Tanaka S, Kawano S, Hattori T, Matsubara R, Sakamoto T, Hashiguchi, Y, et al Cytokeratin 19 as a bio-
marker of highly invasive oral squamous cell carcinoma with metastatic potential. / Oral Maxillofac
Surg Med Pathol. 2020; 32(1): 1-7. DOI: https://doi.org/10.1016/j.ajoms.2019.10.007

Noorlag R, van Es R]), de Bree R, Willems SM. Cytokeratin 19 expression in early oral squamous cell
carcinoma and their metastasis: Inadequate biomarker for one-step nucleic acid amplification im-
plementation in sentinel lymph node biopsy procedure. Head Neck. 2017; 39(9): 1864-1868.

DOI: https://doi.org/10.1002/hed.24847

Rahadiani N, Sarwanti S, Handjari DR, Stephanie M, Krisnuhoni E. Clinical implications of Cytoker-
atin 19 expression in patients with oral squamous cell carcinoma. Pathologica. 2023; 115(3): 155-
163. DOI: https://doi.org/10.32074/1591-951X-842

Rajeswari P, Janardhanan M, Suresh R, Savithri V, Aravind T, Raveendran GC. Expression of CK 19 as a
biomarker in early detection of oral squamous cell carcinoma. ) Oral Maxillofac Pathol. 2020; 24(3):
523-529. DOI: https://doi.org/10.4103/jomfp.JOMFP_302_19

Michel M, Kaps L, Maderer A, Galle PR, Moehler M. The Role of p53 dysfunction in colorectal cancer
and its implication for therapy. Cancers (Basel). 20271; 13(10): 2296.

DOI: https://doi.org/10.3390/cancers13102296

Gawande M, Chaudhary M, Sharma P, Hande A, Patil S, Sonone A. Expression of p53 at invasive
front of oral squamous cell carcinoma and negative histopathological surgical margins to establish
correlation at 3-year survival. ] Oral Maxillofac Pathol. 2020; 24(3): 582.

DOI: https://doi.org/10.4103/jomfp.JOMFP_106_20



42.

43,

44,

45.

46.

47.

48.

Rev Odont Mex. 2026; 30(1): 22-31

Hoda SA, Hoda RS. Robbins and Cotran pathologic basis of disease, Am J Clin Pathol. 2020; 154(6):
869. DOI: https://doi.org/10.1093/ajcp/aqaal63

Sarode GS, Sarode SC, Maniyar N, Sharma N, Yerwadekar S, Patil S. Recent trends in predictive
biomarkers for determining malignant potential of oral potentially malignant disorders. Oncol Rev.
2019; 13(2): 424. DOI: https://doi.org/10.4081/oncol.2019.424

Lin TYY, Liu KYP, Novack R, Mattu PS, Ng TL, Hoang LN, et al. Abnormal p53 immunohistochemical
patterns are associated with regional lymph node metastasis in oral cavity squamous cell carcino-
ma at time of surgery. Mod Pathol. 2024; 37(12): 100614.

DOI: https://doi.org/10.1016/j.modpat.2024.100614

La Rosa S. Diagnostic, prognostic, and predictive role of Ki67 proliferative index in neuroendocrine
and endocrine neoplasms: past, present, and future. Endocr Pathol. 2023; 34(1): 79-97.

DOI: https://doi.org/10.1007/s12022-023-09755-3

Gadbail AR, Sarode SC, Chaudhary MS, Gondivkar SM, Tekade SA, Yuwanati M, et al. Ki67 labelling
index predicts clinical outcome and survival in oral squamous cell carcinoma. / Appl Oral Sci. 2021;
29: €20200751. DOI: https://doi.org/10.1590/1678-7757-2020-0751

Jing Y, Zhou Q, Zhu H, Zhang Y, Song Y, Zhang X, et al. Ki-67 is an independent prognostic marker
for the recurrence and relapse of oral squamous cell carcinoma. Oncol Lett. 2019; 17(1): 974-980.
DOI: https://doi.org/10.3892/0l.2018.9647

Dash KC, Mahapatra N, Bhuyan L, Panda A, Behura SS, Mishra P. An immunohistochemical study
showing Ki-67 as an analytical marker in oral malignant and premalignant lesions. / Pharm Bioallied
Sci. 2020; 12(Suppl 1): $274-5278. DOI: https://doi.org/10.4103/jpbs.]PBS_83_20

31



